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! 

PRELIMINARY  ANALYSIS  OF  j 

ACODAC  MEASUREMENTS  NEAR  MADEIRA 
ON  13  -  16  October  1971  (U) 

INTRODUCTION  (U) 

(U)  During  the  period  13  -  16  October  1971,  tvo  ACODAC  arrays  vere 
deployed  west-northwest  of  Madeira  as  a  part  of  the  OXR  Long-Range 
Acoustic  Propagation  Program.  The  purpose  of  the  deployment  was  to 
investigate  a  possible  depth  dependence  in  ambient  noise  and  signals 
received  from  explosive  charges. ^Jt  was  carried^ out  under  the  direction 
of  Dr.  Roy  Gaul,  LRAP?  Program  Manager. 

(U)  This  report  summarizes  a  joint  effort  on  the  part  of  Arthur 
D.  Little,  lac-,  and  Woods  Hole  Oceanographic  Institution.  The  ADL 
effort  was  directed  by  Robert  Kennedy  who  was  assisted  by  Emma  Duchane, 

Donald  Sullivan  and  Wendell  Sykes.  The  WHOI  effort  was  directed  by 
Dr.  Earl  Hayes  who  was  assisted  by  Constantine  Tollias  and  David 
Bitterman.  Dr.  Sam  Marshall  of  XRL  and  Dr.  Scott  Daubin  of  the 
University  of  Miami  provided  valuable  assistance. 


(C)  The  task  reported  here  was  begun  in  late  December  1971.  Its 
purpose  was  to  make  a  preliminary  estimate  of  tee  degree  of  depth 
dependence  in  Lhe  ratio  of  shot  signal  amplitude  to  ambient  noise 
observed  during  the  Madeira  deployment. 


II.  EXECUTIVE  SUMMARY  (U) 

(C)  During  the  period  13  -  16  October  1971,  two  ACODAC  arrays  were 
deployed  130  NH  WXW  of  Madeira  for  the  observation  of  depth  dependence 
in  acoustic  s i gnaI-to-noi.se  ratio  using  explosive  charges  as  a  signal 
source  at  a  depth  of  300  feet  and  distances  of  5  to  280  NM.  Bottom 
depth  at  the  array  locations  is  approximately  15,000  feet. 

(C)  Despite  difficulties  with  the  instrumentation ,  enough  valid 
data  was  obtained  to  demonstrate  conclusively  a  significant  decrease 
in  signal-to— noise  ratio  with  depth.  This  depth  dependence  is  shown 
in  the  following  Figure  13  for  the  1/3  octave  bands  at  50  and  100  Hz. 
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I][I*  DESCRIPTION  of  measurements  (U) 
a.  ACODAC  (U) 


(S)  During  13  -  16  October  1971,  two  ACODAC  arrays  were  deployed 
WN.v  of  Madeira  for  the  observation  of  a  possible  depth  dependence  in  the 
acoustic  signal-to-noise  ratio  using  explosive  changes  as  a  signal  source. 
The  test  area  is  shown  in  Figure  1  and  the  cost  geography  in  Figure  2. 

The  t  jo  arrays  were  moored  at  locations  A  and  B  approximately  30  NM 
apart.  The  RV  KNORR  was  anchored  about  45  NM  SE  of  the  ACODAC  arrays 
and  the  RV  GIBBS  was  anchored  about  280  NM  NW  of  the  arravs.  The 
RV  MIZAR  followed  the  track  shown  in  Figure  2  starting  at  2350/14  October 
and  ending  at  0528/16  October.  The  test  consisted  of  three  events. 

During  event  99  a  group  of  charges  was  set  off  at  18"  depth  as  the  MIZAR 
steamed  SE.  No  signals  were  received  by  the  ACODAC  arrays  from  these 
shots.  During  event  100  the  MIZAR  steamed  NK  from  the  KNORR  at  12  knots, 
dropping  2  lb.  explosive  charges  every  2  1/2  minutes,  set  to  explode  at 
a  depth  of  300*.  During  event  101  another  group  of  charges  was  detonated 
at  18"  depth  and  again  no  signals  were  received.  Further  details  of  this 
test  can  be  found  in  the  "Eastlant  Operation  Plan,"  31  August  1971,  bv 
Dr.  Scott  Daubin  (Chief  Scientist),  Universitv  of  Miami. 


(U)  A  typical  ACODAC  array  configuration  is  shown  ir.  Figure  3. 
The  system  is  capable  of  operating  independently  of  the  surface.  The 
signals  from  six  hydrophones  can  be  recorded  either  continuously  or 
periodically  on  magnetic  tape.  Total  recording  time  can  be  up  to  seven 
days  at  15/160  IPS.  The  array  and  instrumentation  mav  be  recovered  bv 
an  acoustic  command  or  by  a  time  release. 

t  (U)  The  vertical  disposition  of  hydrophones  for  which  data 

.  was  analyzed  is  shown  in  Figure  4,  superimposed  on  a  velocity  profile 

L  measured  at  the  KNORR  location  on  17  October. 

:  (U)  Data  from  hydrophones  Al,  A2,  B3  and  B5  were  not  analyzed 

r  at  this  time,  since  the  quality  appeared  to  be  low,  and  adeouate  depth 

:  coverage  was  obtained  from  the  other  hydrophones.  He  plan  to  look  more 

'  closely  at  data  from  these  hydrophones  at  a  later  date. 

I  (U)  The  depth  of  the  KNORR’ s  two  anchor  hydrophones  is  also 

:  shown  in  Figure  4.  Note  that  the  KNORR  is  approximately  40  miles  from 

the  two  AC0DACS. 

(C)  Tne  A  array  recorded  continuously  at  15/160  IPS  in  the 
20-300  Hz  band  from  1700/13  October  to  2200/16  October  and  the  B  array 
recorded  continuously  at  15/16  IPS  in  the  20-3000  Hz  band  from  1936/ 

15  October  to  2116/16  October.  Both  arrays  had  thiee  levels  of  automatic 
gain  switching,  in  27DB  steps  and  included  internal  calibration  signals 
at  12-hour  intervals. 
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(U)  The  data  recording  and  playback  system  block  diagram  is 
shown  in  Figure  5-  An  important  feature  of  the  system  is  the  automatic 
gain  switching  circuit  which  changes  the  gain  in  27  DB  steps  in  response 
to  one  minute  averages  of  the  recorder  input.  The  overload  detector  is 
independent  of  the  gain  switching  circuit.  Since  the  overload  detector 
bandwidth  is  about  6  KHz,  it  responds  very  rapidly  and  thus  prevents 
blocking  of  the  electronics  by  severe  overloads-  When  an  overload  is 
detected  the  preamplifier  output  is  disconnected  and  a  200  Hz  sine  wave 
is  injected  into  the  recorder  as  an  easily  identifiable  marker. 


B.  RELATED  MEASUREMENTS  (U) 

(S)  At  the  time  of  the  ACODAC  recordings,  the  KNORR  and  the 
GIBBS  both  had  deployed  Anchor  Hydrophones  as  a  part  of  the  NEAT  II 
operation.  The  Anchor  Hydrophone  actually  consists  of  a  pair  of  hydro¬ 
phones,  one  on  the  bottom  and  the  other  500  feet  above  the  bottom.  The 
GIBBS  noise  data  are  not  included  here  because  of  its  distance  from  the 
ACODAC  arrays  but  some  ambient  noise  data  taken  by  the  nearby  KNORR  have 
been  made  available  by  R.  Nowak  of  WHOI  for  comparison  with  the  ACODAC 
data. 


IV.  ANALYSIS  (U) 

A.  GENERAL  (U) 

(U)  The  analysis  for  this  task  consisted  of  playback  of  the 
raw  data  through  1/3  octave  filters  into  an  8-c'nannel  chart  recorder, 
followed  by  manual  editing  to  reject  invalid  data.  The  valid  data  was 
then  visually  averaged  over  time  intervals  typically  on  the  order  of  an 
hour  to  obtain  ambient  noise  levels-  Peak  amplitudes  of  shot  signals 
were  also  read  directly  from  the  chart. 

5.  DESCRIPTION  OF  DATA  (U) 

(U)  A  typical  section  of  data  is  shown  in  Figure  6.  The  50  DB 
span  of  the  chart  record  is  established  in  the  playback  process.  The 
calibration  pulse  is  injected  at  the  hydrophone  preamlifier  output 
every  12  hours  and  is  equivalent  to  sound  pressure  levels  of  +  34.5, 

-r  7.5  and  -  19.5  DB//;.bar,  depending  on  the  setting  or  the  sutone tic 
gain  switch.  The  primary  cause  for  rejection  of  data  is  also  shown  in 
Figure  6  in  the  vicinity  of  2200  where  the  overload  detector  has  opera¬ 
ted  before  the  gain  switching  amplifier  has  had  a  chance  to  respond. 

Since  the  three  gain  states  were  not  overlapping,  it  was  possible  for 
the  average  value  of  the  data  to  be  low  enough  not  to  cause  a  gain  state 
change,  yet  high  enough  that  peak  excursions  of  the  data  were  consistently 
in  overload.  Such  sections  of  data  were  edited  out. 
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(U)  Corrections  were  applied  to  the  data  from  all  hydrophones 
to  account  for  cable  attenuation  of  0.1S  DB/1000  ft.,  the  maximum  correc¬ 
tion  being  1.6  DB  for  hydrophone  A6.  In  addition,  a  3  DB  correction  was 
applied  to  all  data  from  the  B  hydrophones  to  compensate  for  the  difference 
in  system  response  between  the  500  Hz  calibration  signal  frequency  and  the 
50  and  100  Hz  data  frequencies.  Finally,  the  shot  amplitudes  from  hydro¬ 
phone  B1  were  reduced  by  2.5  DB  to  account  for  certain  differences  in 
playback  system  response  that  originated  in  the  10:1  difference  in  re¬ 
cording  speeds  between  the  A  and  B  arrays. 


C.  ESTIMATE  OF  ERRORS  (U) 

(U)  Ambient  noise  averages  were  obtained  by  adjusting  a  trans¬ 
parent  straight  edge  over  the  data  until  it  looked  right  to  the  eye. 
Reproducibility  of  this  estimate  from  trial  to  trial  and  individual  to 
individual  is  well  within  ±  1  DB.  Peak  values  of  shot  signals  were 
readable  to  ±  0.5  DB.  Hydrophone  plus  preamplifier  sensitivity  was 
established  by  the  N.R.L.  calibration  facility  at  Orlando  with  an 
accuracy  of  i  0.5  DB.  The  variation  in  sensitivity  among  the  hydrophones 
is  on  the  order  of  ±  0.5  DB-  The  calibration  pulse  amplitude  is  knovm 
with  an  accuracy  of  about  ±0.5  DB.  Since  calibration  pulses  are  not 
always  at  the  frequency  of  interest,  the  system  frequency  response  was 
measured  with  an  accuracy  of  ±  0.5  DB.  The  "linearity"  of  the  logarith¬ 
mic  amplifier  is  about  ±  1  DB.  Finally,  the  50  DB  span  of  the  chart 
record  is  adjusted  at  the  beginning  of  each  record  within  ±0.5  DB. 

(U)  There  is  also  an  uncertainty  of  about  r  2  DB  that  is  mani¬ 
fested  as  an  apparent  change  in  signal  level  during  automatic  gain  switch¬ 
ing.  The  signal  level  does  not  change  by  exactly  27  DB  when  the  gain 
switches.  No  explanation  has  been  found  for  this  discrepancy. 

(U)  If  these  errors  are  assumed  statistically  independent,  the 
RMS  uncertainty  in  absolute  sound  pressure  levels  for  the  combined  errors 
will  be  approximately  ±  2.8  DB. 


V.  CONCLUSIONS  (U) 

A.  AMBIENT  NOISE  (U) 

(S)  Time  histories  of  the  ambient  noise  in  the  50  and  100  Hz 
1/3  octave  bands  are  shown  in  Figures  7  and  8.  Tne  plotted  points  are 
average  values  of  noise  during  the  hour  preceding  the  point  and  represent 
essentially  all  of  the  valid  data.  Gaps  in  the  data  are  due  to  system 
overloads.  Also  shown,  for  comparison,  is  the  ambient  noise  seen  by  an 
Anchor  Hydrophone  500  feet  above  the  bottom  at  the  KNORR,  45  NM  SE  of  the 
ACODAC  arrays. 
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(U)  Figure  9  illustrates  the  depth  dependence  of  ambient  noise 
for  a  group  of  15  half-hour  intervals  during  the  24-hour  period  when  the 
A  and  B  moorings  were  recording  simultaneously.  The  15  intervals  were 
selected  on  the  basis  that  at  least  seven  of  the  eight  hydrophone  channels 
were  delivering  valid  data.  In  this  way  we  avoid  biasing  the  results 
through  exclusion  of  data  that  may  be  in  overload  because  it  is  loud. 

The  interval  associated  with  each  data  point  is  the  standard  deviation 
calculated  for  the  15  time  intervals. 

B-  DEPTH  DEPENDENCE  OF  SIGNAL-TO-NOISE  RATIO  (U) 

(U)  During  event  100  the  peak  amplitudes  of  the  shot  signals 
were  recorded  and  are  plotted  in  Figures  10  and  11  together  with  the  one- 
hour  average  values  of  ambient  noise.  Because  of  overloads,  valid  shot 
data  exists  for  only  four  hydrophones  and  then  only  when  the  MIZAR  was 
about  100  miles  downrange  from  the  ACODACS. 

(U)  Peak  amplitudes  were  recorded  for  the  shot  signals,  rather 
than  the  usual  total  energy,  because  the  effect  being  investigated  is  the 
change  in  signal- to-noise  ratio  versus  depth,  rather  than  the  absolute 
signal-to-noise  ratio  for  a  given  source  level  as  seen  through  the  propa¬ 
gation  loss.  Figure  12  shows  the  actual  shot  signals  and  noise  at 
various  depths.  In  spite  of  the  limited  amount  of  data,  the  variation 
in  signal-to-noise  ratio  with  depth  can  be  seen  quite  clearly. 

(U)  Figure  13  summarizes  the  depth  dependence  of  signal-to- 
noise  ratio  for  the  period  2200-2400/15  October,  when  both  signals  and 
noise  are  available  for  all  four  hydrophones  simultaneously.  Note  that 
the  quantity  plotted  is  the  average  vaj us  of  the  peak  shot  signal  ampli¬ 
tudes  for  the  two-hour  period,  less  the  average  value  of  noise  for  the 
same  period,  both  values  as  measured  in  a  1/3  octave  band.  We  believe 
that  the  high  S/N  ratio  for  hydrophone  B1  is  real,  though  not  understood, 
because  the  noise  level  of  B1  as  seen  in  Figure  9  correlates  well  with 
the  noise  level  seen  by  other  nearby  hydrophones. 

C.  COMPARISON  WITH  NEAT  DATA  (U) 

(C)  During  the  period  1400-2200/16  October,  ambient  noise  data 
is  available  simultaneously  from  the  KNORR's  upper  anchor  hydrophone  and 
the  ACODAC  A4  hydrophone,  which  is  closest  in  depth.  These  data  are  com¬ 
pared  in  Figure  14  and  show  excellent  agreement  with  the  discrepancies 
attributable  to  the  difference  in  hydrophone  depth.  Figure  15  compares 
the  statistical  distribution  of  the  one-nour  averages  of  ambient  noise 
from  ACODAC  hydrophone  A4  and  the  five-minute  averages  of  ambient  noise 
from  the  KNORR's  upper  anchor  hydrophone.  The  ACODAC  A4  distriburion 
includes  all  of  the  A4  noise  data  from  Figures  7  and  8  (62  hours  from 
2000/13  October  to  2200/16  October),  while  the  KN0RR  data  includes  all 
of  the  noise  data  from  Figure  14  (25  hours  from  1330/16  October  to 
1430/17  October). 
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(S)  In  addition.  Figure  16  shows  how  the  ACODAC  data  compares 
with  other  ambient  noise  data  taken  during  the  NEAT  I  and  NEAT  II  exer¬ 
cises.  The  choice  of  10°  west  longitude  as  an  origin  is  somewhat  arbi¬ 
trary  but  invites  speculation  that  dense  north-south  shipping  off  the 
Portuguese  coast  is  an  important  source  of  ambient  noise  in  the  area. 

The  smooth  curves  in  the  figure  show  how  noise  from  such  a  source  would 
be  attenuated  through  spherical  spreading. 

D.  CAUTION  (U) 

(U)  Two  cautionary  statements  concerning  this  analysis  are 
appropriate.  First,  a  narrow-band  analysis  to  detect  cable  strumming 
is  not  yet  complete-  However,  the  agreement  between  the  ACODAC  and 
KNORR  measurements,  as  summarized  in  Figures  14  and  15,  implies  that 
strumming  is  not  likely  to  be  a  major  problem-  Second,  the  rejection  of 
large  portions  of  the  data  because  of  recording  system  overloads  could 
be  a  source  of  bias.  Again,  Figure  15  shows  no  obvious  difference  in 
statistics  between  A4  which  was  in  severe  overload  and  the  KNORP.  which 
was  not.  We  feel,  therefore,  that  the  depth  dependence  of  signal-to-noise 
ratio,  as  shown  in  Figure  13,  is  not  due  to  artifacts  induced  by  the 
instrumentation  or  the  analysis  process. 
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